The southern pine beetle guild (hereafter SPBG) is considered the most destructive group of forest pests in the southeastern United States. This guild is composed of Þve principal species of bark beetles (Coleoptera: Curculionidae: Scolytinae): the southern pine beetle, Dendroctonus frontalis Zimmerman; black turpentine beetle, Dendroctonus terebrans (Olivier); small southern pine engraver, Ips avulsus (Eichhoff); sixspined ips, Ips calligraphus (Germar); and eastern Þvespined ips, Ips grandicollis (Eichhoff).
The SPBG has received considerable attention by researchers primarily because of the ecological and economic impacts of the southern pine beetle (Price et al. 1998, Merten and Nowak 2004) . Considerably less attention has been focused on the three Ips species (pine engravers) in this guild. The southern pine engravers colonize stressed, moribund, and recently killed trees where larvae feed and develop on the subcortical tissue (Wood 1982b) . Pine engravers are considered secondary pests, colonizing weakened trees or those under attack by primary pest species (e.g., Dendroctonus spp.; Rudinsky 1962) . Pine engravers serve important roles in forest ecosystems as degraders of coarse woody debris and help shape forest structure by thinning stands of sick and moribund trees. Activity of the southern pine engravers may ultimately decrease the risk of southern pine beetle outbreaks, and because of their greater prevalence in space and time, they may play larger roles in forest ecosystems than the southern pine beetle (Thatcher 1960 , Clarke et al. 2000 .
Population dynamics of the southern pine beetle have been extensively studied and appear to exhibit complex patterns, ßuctuating between endemic and epidemic levels (see Brit 2011 for a review). While southern pine beetle populations appear to be heterogeneous in space and time (Clarke and Billings 2003) , populations of the southern pine engravers are believed to be less aggregated and present at lower levels throughout the year. At endemic levels, populations of the southern pine engravers persist by primarily infesting stressed and weakened hosts (Berisford and Franklin 1971) . During epidemic population levels successful colonization of vigorous hosts may occur. This is possible via pheromone-mediated mass attacks, where the boring activity of thousands of individuals facilitate the breach of the hostÕs defenses Berryman 1983, Berryman et al. 1985) . Initiation of mass attacks by the southeastern Ips spp. occurs when males Þrst arrive at a suitable host and begin producing aggregation pheromones. The major aggregation pheromones produced include (S)-cis-verbenol, (R)-(-)-ipsdienol, and trans-verbenol (I. calligraphus; Renwick and Vité 1972) ; (R)-(-)-ipsdienol and lanierone (I. avulsus; Vité et al. 1978 , Miller et al. 2005 ; and (S)-(-)-ipsenol (I. grandicollis; Vité and Renwick 1971) . The type of response each of the southeastern Ips species exhibits to heterospeciÞc semiochemicals appears to vary considerably, with speciÞc attractive and repellant responses playing important roles in regulating the host arrival and niche allocation processes , Dixon and Payne 1980 , Paine et al. 1981 .
Population outbreaks of bark beetles are thought to be triggered primarily because of changes in host physiology, which has long been known to predispose trees to bark beetle attack (Berryman 1972) . One of the most important defenses against bark beetle attacks are the constitutive and inducible resin systems. Reduced tree vigor often leads to a reduction of these defenses, and can be brought about by a multitude of factors such as poor stand conditions (Belanger and Malac 1980, Fettig et al. 2007 ), extreme weather (e.g., drought, high winds, ice storms, and lightning strikes; Coulson et al. 1983) , disturbance events (e.g., wildÞres and logging and thinning activity; Furniss 1962 , Flamm et al. 1993 , and herbivores and pathogens (Geiszler et al. 1980 , Hofstetter et al. 2006 .
A diverse assemblage of predatory and phloemfeeding Coleoptera associated with the SPBG have been described (Moser et al. 1971 , Berisford 1980 , Miller et al. 2005 , Allison et al. 2012a . Negative effects of some of these coleopteran associates on populations of the SPBG have been documented and can be signiÞcant (Moore 1972; Coulson et al. 1976 Coulson et al. , 1980 Hennier 1983; Linit and Stephen 1983; Miller 1986; Riley and Goyer 1986; . In addition to tree-produced volatiles, many of these associates use semiochemicals produced by members of the SPBG as kairomones to locate potential prey or ephemeral hosts (Dixon and Payne 1980 , Billings and Cameron 1984 , Miller et al. 2005 , Allison et al. 2012a .
Phenological synchrony with its prey is a major component of a predatorÕs life history that inßuences its overall efÞcacy (Symondson et al. 2002) . Although some southern pine engraver associates have been well studied (e.g., the clerid Thanasimus dubius (F.); Reeve 1997 , Turchin et al. 1999 , little is known about the seasonal phenologies of the southeastern Ips and their associates. The objective of this study was to document and compare the seasonal ßight activities of the three southern pine engravers in addition to some of their most abundant coleopteran associates in central and southeastern Louisiana loblolly pine (Pinus taeda L.) stands using pheromone-baited multiple funnel traps. In addition, for the more abundant associates, we tested for preferences for pheromone lures representative of I. calligraphus, and I. avulsus and I. grandicollis combined.
Materials and Methods
Site Description. The Þrst study site was located at the Louisiana State University Burden Research Plantation (30Њ 24Ј56.37Љ N, 91Њ 6Ј58.30Љ W; 11 m) Ϸ5.8 km NE from the Louisiana State University Campus. On 1 September 2008, Ϸ10 mo before the start of the study, Hurricane Gustav passed through Baton Rouge, LA, causing extensive damage to much of the ßora in the research plantation. At the onset of the experiment, there was still an abundance of slash (e.g., broken branches) and downed trees present, which were observed to have high levels of pine engraver activity. The experimental stand consisted of Ϸ0.75 ha of 20-to 25-yr-old loblolly pine surrounded by Ϸ90 ha of mixed loblolly pine and hardwood forest. The dominant hardwood species in the surrounding forest were southern magnolia (Magnolia grandiflora L.), sweetgum (Liquidambar styraciflua L.), water oak (Quercus nigra L.), and southern live oak (Quercus virginiana Miller) .
The second study site was located at the Bob R. Jones Idlewild Research Station (30Њ 48Ј24.45Љ N, 90Њ 58Ј3.35Љ W; 62 m) Ϸ7.8 km SE of Clinton, LA. The experimental stand consisted of Ϸ0.5 ha of 20-yr-old loblolly pines surrounded by Ͼ500 ha of predominantly pine forest of variable age and species situated along the edge of Idlewild Lake. The dominant tree species in the surrounding forest were slash (Pinus elliottii Engelmann), longleaf (Pinus palustris Miller), and shortleaf (Pinus echinata Miller) pines. The understory of the experimental stand had been subjected to a prescribed burn during the fall of 2008, and there was moderate damage in the form of fallen limbs and trees because of Hurricane Gustav.
The third study site was located in the Kisatchie National Forest (31Њ 35Ј33.07Љ N, 92Њ 28Ј16.38Љ W; 59 m) Ϸ9.6 km NE of Pollock, LA. The experimental stand consisted of Ϸ0.8 ha of 30-to 35-yr-old loblolly pines surrounded by a large hectarage (Ͼ1,000 ha) of loblolly and longleaf pine plantations. The stand understory had been subjected to a prescribed burn during the spring of 2009. There was no apparent damage to the stand because of Hurricane Gustav.
Study Design. Flight phenologies of the three southern Ips species and their associates were monitored from 15 July 2009 to 7 July 2010. Southern pine engraver activity was monitored by placing six, 8-unit Lindgren multiple funnel traps (Contech Enterprises Inc., Victoria, Canada) at each of the three experimental sites (n ϭ 18). Within each site, traps were paired and baited randomly with the two possible combinations of synthetic Ips pheromone lures (Contech Enterprises Inc.). Lure combinations were based on results of previous trapping assays (Miller et al. 2005 , Allison et al. 2012b ) and were selected to optimize attraction with the minimal number of trapÐlure combinations. To attract I. grandicollis and I. avulsus, Lures were hung outside the second funnel from the top of each multiple funnel trap and replaced every third collection period (approximately every 9 wk) to maintain consistent release rates. Traps were strung individually between two trees using 0.32-cm nylon rope at the Kisatchie and Idlewild sites or placed on metal conduit pipe (1.25 cm in diameter) at the Burden site. Traps were hung 2 m from nearby trees with the collection cups Ϸ1 m above ground level. Trap pairs were arranged in a linear array within each site and were hung at least 2 m apart, and 12Ð16 m from the other pairs. Collection cups were Þlled half-way (200 Ð250 ml) with propylene glycol solution (Peak RV and Marine Antifreeze, Old World Industries Inc., Northbrook, IL) as a killing and preservative agent. Trapped insects were collected every 2Ð3 wk.
Insect Identification. Collected insects were placed into labeled Whirl-paks (Nasco, Ft. Atkinson, WI) and taken back to the laboratory for species identiÞcation and quantiÞcation. Specimens were rinsed with 95% ethanol then placed on a paper plate and allowed to dry for 24 Ð 48 h before being stored at Ϫ20ЊC for sorting and identiÞcation at a later date. Insects were identiÞed using a combination of voucher specimens provided by the Louisiana State Arthropod Museum and through the use of taxonomic keys and expertise for the following groups: Cerambycidae (Lingafelter 2007) , Scolytinae (Wood 1982a) , Histeridae (with assistance from M.L.G.), Trogossitidae (Barron 1971) , Cleridae (Leavengood 2008) , and Buprestidae (MacRae 1991). After species-level identiÞcation, all specimens were hand-counted. Voucher specimens of species analyzed were deposited in the University of CaliforniaÐRiverside Entomology Research Museum (UCRC ENT #357,256 Ð357,294; 411,462Ð 411,464) .
Statistical Analyses. Seasonal activity patterns for the southern pine engravers and their coleopteran associates captured in high enough numbers (Ն50 individuals) were determined. The activity patterns of associates meeting the minimum sample size criterion were determined using the mean number of beetles collected per day across all study sites, whereas for the southern pine engravers, activity patterns were determined using the mean number of beetles collected per day for each study site. The mean trap catches were calculated by summing the number of individuals collected across all traps within each site (Ips species; n ϭ 6) or across all sites (associates; n ϭ 18) and dividing by the number of days in each collection period (e.g., Gaylord et al. 2006) . This allowed for variation in the number of days between trapping periods to be taken into account. Trap counts were summed for both lure combinations, as there was a lack of lure speciÞcity for the majority of the species of interest.
To examine the effects of lure combination on the number of individuals collected of each Ips species and selected associates, trap count observations were combined across all collection events (n ϭ 306 observations). These data were analyzed using a zero-inßated negative binomial model because of the high observed sample variances relative to the means, and high frequencies of zero counts. Factors included in the model wereÑ1) Lure, 2) Site, and a 3) Site ϫ Lure interaction term. An offset term was included to account for differences in the number of days between collection periods on the number of beetles collected. For each species, factors were dropped from the models that were not signiÞcant. TukeyÕs honestly significant difference (HSD) test was used as a post hoc comparison of treatment means where signiÞcant (P Ͻ 0.05). All statistical analyses were performed using the R version 2.15.3 statistical software.
Results
Southern Pine Engravers. In total, 282,761 adults of the three Ips species were collected across the three sites during the study period (see Table 1 , Curculionidae). The most frequently collected southern pine engraver species was I. avulsus (n ϭ 182,844; 64.7% of all engravers). A signiÞcant lure treatment effect was observed for the number of I. avulsus collected in traps, with more individuals collected with the LSD lure combination (Z ϭ 20.59; P Ͻ 0.0001). The number of I. avulsus collected in LSD-baited traps ranged from 0 to 11,246 (mean Ϯ SE ϭ 1,154.43 Ϯ 165.70), while the number of individuals collected in VD-baited traps ranged from 0 to 1,515 (mean Ϯ SE ϭ 40.63 Ϯ 12.15; Fig. 1 ).
The second most abundant species collected was I. grandicollis (n ϭ 51,336; 18.1% of all engravers). A signiÞcant treatment effect of lure was observed for the number of I. grandicollis collected in traps, with more individuals collected with the LSD lure combination (Z ϭ 18.52; P Ͻ 0.0001). The number of I. grandicollis collected in LSD-baited traps ranged from 0 to 3,714 per trap (mean Ϯ SE ϭ 333.58 Ϯ 40.09), while the number of individuals collected in VDbaited traps ranged from 0 to 88 (mean Ϯ SE ϭ 1.95 Ϯ 0.61; Fig. 1 ).
The least abundant southern pine engraver species collected was I. calligraphus (n ϭ 48,581; 17.2% of all engravers). A signiÞcant lure treatment effect was observed for the number of I. calligraphus collected in traps, with more individuals collected with the VD lure combination (Z ϭ 20.26; P Ͻ 0.0001). The number of I. calligraphus collected in VD-baited traps ranged from 0 to 7,299 per trap (mean Ϯ SE ϭ 307.40 Ϯ 66.38), while the number of individuals collected in LSD-baited traps ranged from 0 to 286 (mean Ϯ SE ϭ 10.18 Ϯ 2.28; Fig. 1 ).
The highest numbers of I. avulsus were collected at the Idlewild site (n ϭ 106,149), followed by the Kisatchie (n ϭ 66,867) and Burden (n ϭ 9,828) sites. This pattern was not observed for I. calligraphus and I. grandicollis, which were collected in greatest numbers at the Burden site (I. calligraphus, n ϭ 28,738; I. grandicollis, n ϭ 21,942), followed by the Idlewild (I. calligraphus, n ϭ 14,004; I. grandicollis, n ϭ 15,203) and Kisatchie (I. calligraphus, n ϭ 5,839; I. grandicollis, n ϭ 14,191) sites.
At each of the study sites, all Ips species were collected during all collection events (Figs. 2Ð 4 Activity levels of all three Ips species appeared to exhibit two major peaks. With the exception of I. calligraphus at the Burden site, a major spring peak was observed for all three species at all locations from late March through mid-April. Another large, but less prominent, peak was observed in the fall from midSeptember through early October. In late spring at most of the sites, activity levels of the three Ips species exhibited a rapid decline. This spring decline in Ips activity levels appeared to coincide with increasing activity of some major natural enemies and competitors (Fig. 5) . Associated Coleoptera. In total, 39 SPBG associate species of Coleoptera were identiÞed in multiple funnel traps baited with the Ips pheromone lures (Table  1) . Of these species, 11 were collected in sufÞciently high enough numbers (Ն50 individuals) to warrant analysis.
Histeridae. The most abundant coleopteran natural enemies collected were histerids from the genus Platysoma. In total, 4,487 individuals representing six species were collected. Only Platysoma attenuatum (LeConte), Platysoma coarctatum (LeConte), Platysoma cylindricum (Paykull), and Platysoma parallelum (Say) were collected in high enough numbers to warrant analysis of lure preferences and determination of activity patterns. Activity levels of these species were relatively low during the majority of the study period, with the exception of a large 3-mo peak occurring in the spring from late March through mid-June (Fig. 6) .
The most abundant species collected was P. parallelum (n ϭ 2,560; 57.1% of Platysoma spp.) followed by P. attenuatum (n ϭ 1,270; 28.3% of Platysoma spp.), P. cylindricum (n ϭ 526; 11.7% of Platysoma spp.), and P. coarctatum (n ϭ 127; 2.8% of Platysoma spp.). Only two individuals of Platysoma leconti Marseul and Platysoma aurelianum (Horn) were collected. The highest numbers of P. attenuatum, P. coarctatum, and P. cylindricum were collected at the Idlewild site, while P. parallelum were most frequently collected at the Burden site.
SigniÞcant lure treatment effects were observed for the majority of the Platysoma species, with exception of P. cylindricum (Z ϭ Ϫ1.641; P ϭ 0.101). SigniÞcantly more P. attenuatum (Z ϭ 6.723; P Ͻ 0.0001) and P. coarctatum (Z ϭ 20.59; P Ͻ 0.0001) were collected in traps baited with the LSD lure combination, while more P. parallelum (Z ϭ 2.386; P ϭ 0.017) were collected in traps baited with the VD lure combination. 1.67 Ϯ 0.33), 0 Ð157 (mean Ϯ SE ϭ 7.26 Ϯ 1.75), 0 Ð9 (mean Ϯ SE ϭ 0.56 Ϯ 0.13), and 0 Ð151 (mean Ϯ SE ϭ 6.57 Ϯ 1.49) per trap, respectively.
Trogossitidae. In total, seven species from the family Trogossitidae were collected ( Table 1 ). The major bark beetle predator Temnoscheila virescens (F.) accounted for 98.7% of trogossitids collected and was the only species collected in high enough numbers to warrant analysis. The remaining species collected were primarily members of the genus Tenebroides and a single Corticotomus speciesÑCorticotomus cylindricus (LeConte). The greatest numbers of T. virescens were collected at the Kisatchie site (n ϭ 1,181), followed by the Idlewild (n ϭ 817) and Burden (n ϭ 109) sites. The number of T. virescens collected in VDbaited traps ranged from 0 to 79 per trap (mean Ϯ SE ϭ 8.80 Ϯ 1.28), while the number of individuals collected ranged 0 Ð109 (mean Ϯ SE ϭ 4.97 Ϯ 0.98) in LSD-baited traps. There did not appear to be a signiÞcant lure effect on the number of T. virescens collected in traps (Z ϭ 1.107; P ϭ 0.268).
Changes in T. virescens activity levels appeared to correspond with changes in Ips activity. Compared with the southern pine engravers, however, T. virescens appeared to have a longer period of inactivity lasting from late October through March (Fig. 7) .
Cleridae. Another major bark beetle predator T. dubius was also collected in high numbers during the study period. Other clerid species, which are known bark beetle predators, were collected but in low numbers (Table 1) . The highest number of T. dubius were collected at the Idlewild site (n ϭ 348) followed by the Kisatchie (n ϭ 103) and Burden (n ϭ 26) sites. The number of T. dubius collected in VD-baited traps ranged from 0 to 57 per trap (mean Ϯ SE ϭ 1.65 Ϯ 0.47), while the number of individuals collected ranged 0 Ð 46 (mean Ϯ SE ϭ 1.47 Ϯ 0.41) in LSD-baited traps. There did not appear to be a signiÞcant effect of lure type on the number of T. dubius collected in traps (Z ϭ Ϫ1.862; P ϭ 0.0626). Owing to the low number of individuals collected of this species, these results should be interpreted with caution.
Activity levels of T. dubius were highest during the late winter and early spring, with Ͼ86% of the individuals collected from mid-January through mid-April (Fig. 7) . Like T. virescens, activity levels of T. dubius appeared to reach their peak during the spring Ips activity peaks. However, unlike T. virescens, T. dubius activity quickly declined to low levels during the majority of the year.
Buprestidae. In total, six buprestid species were collected during the study period (Table 1) . Only the lined buprestis, Buprestis lineata F., was collected in sufÞciently high numbers to warrant analysis. It appeared that B. lineata was most active during the mid to late summer, with peak activity levels observed from early June through mid-August (Fig. 8) .
The highest numbers of B. lineata were collected at the Kisatchie site (n ϭ 34) followed by the Idlewild (n ϭ 23) and Burden sites (n ϭ 6). The number of B. lineata collected in VD-baited traps ranged from 0 to two per trap (mean Ϯ SE ϭ 0.09 Ϯ 0.03), while the number of individuals collected ranged 0 Ð 8 (mean Ϯ SE ϭ 0.32 Ϯ 0.08) in LSD-baited traps. A signiÞcant effect of lure was observed on the number of B. lineata collected, with more individuals collected with the LSD combination (Z ϭ 2.715; P ϭ 0.0006). Given the low numbers of individuals captured, these results should be interpreted with caution.
Cerambycidae. Thirteen species of Cerambycidae were collected during the study period (Table 1) . Four speciesÑthe southern pine sawyer, Monochamus titillator (F.); Carolina sawyer, Monochamus carolinensis (Olivier); ribbed pine borer, Rhagium inquisitor (L.); and Acanthocinus obsoletus (Olivier)Ñwere collected in sufÞcient numbers to warrant analysis.
The most abundant cerambycids collected were the two Monochamus species. M. titillator appeared to be more abundant, with the highest number of individuals collected at the Idlewild site (n ϭ 364), followed by the Kisatchie (n ϭ 268) and Burden sites (n ϭ 43). A somewhat similar pattern was observed for M. carolinensis, with the greatest number of individuals collected at the Idlewild (n ϭ 188) site, followed by the Burden (n ϭ 115) and Kisatchie (n ϭ 35) sites. The peak spring activity periods of the two Monochamus species appeared to begin between mid-April and early May (Fig. 8) . This was approximately a month later than the peak Ips activity periods. M. titillator appeared to exhibit a longer period of activity than M. carolinensis, and was collected in high numbers up until late November. M. carolinensis was only collected in high numbers until early July. Unlike southern pine engraver activity levels, which declined rapidly after their initial spring peak, the activity level of M. titillator increased until mid-July. Similar to what was observed for the activity levels of the southern pine engravers, M. carolinensis activity declined after the initial spring peak, but not as rapidly.
Activity patterns of A. obsoletus appeared to behave very similar to those of M. titillator, with two major peaks, one occurring in late May and another in early October (Fig. 8) . R. inquisitor unlike the other abundant cerambycid species collected, exhibited a short activity period in the spring, which lasted approxi- mately 3 mo beginning in late March and ending in early May (Fig. 8) .
The greatest numbers of A. obsoletus were collected at the Idlewild site (n ϭ 407) followed by the Burden (n ϭ 283) and Kisatchie (n ϭ 53) sites. The number of A. obsoletus collected in VD-baited traps ranged from 0 to 25 per trap (mean Ϯ SE ϭ 1.51 Ϯ 0.30), while the number of individuals collected ranged 0 Ð59 (mean Ϯ SE ϭ 3.35 Ϯ 0.64) in LSD-baited traps. There appeared to be a signiÞcant effect of lure combination on the number of A. obsoletus collected in traps, with more individuals collected in traps baited with the LSD lure combination (Z ϭ 3.094; P ϭ 0.0019). Similarly, R. inquisitor was collected in the greatest numbers at the Idlewild site (n ϭ 59) followed by the Kisatchie (n ϭ 9) and Burden (n ϭ 7) sites. The number of R. inquisitor collected in VD-baited traps ranged from 0 to two per trap (mean Ϯ SE ϭ 0.11 Ϯ 0.05), while the number of individuals collected ranged 0 Ð15 (mean Ϯ SE ϭ 0.38 Ϯ 0.14) in LSD-baited traps. There was a signiÞcant lure treatment effect on the number of R. inquisitor collected in traps (Z ϭ Ϫ2.420; P ϭ 0.0155). Although more R. inquisitor were collected by the LSD than the VD lure combination (58 vs. 17), TukeyÕs HSD test was not able to detect any signiÞcant pair-wise difference (Z ϭ 1.858; P ϭ 0.0632).
Discussion
Southern Pine Engravers. The three southern pine engraver species were collected at all of the collection events during the study period. Trap catches of the southern pine engravers appeared to vary considerably between the three experimental sites, but the activity patterns of each species appeared relatively consistent across sites. Postwinter activity of the three southern pine engravers appeared to rapidly transition from low to very high levels rather than exhibiting gradual increases over time. Owing to low insect activity levels during the winter months, large amounts of unexploited slash and weakened trees accumulate and scramble competition between members of the SPBG may occur (Wagner et al. 1985 , Reeve et al. 1998 . During this time, it may be important to recruit a mate as quickly as possible from the overwintering population to gain a competitive advantage for existing resources.
The two major activity peaks observed in the spring and again in the fall, with fewer individuals observed in the summer, support some earlier Þndings on seasonal southern pine engraver activity in Louisiana. Moser et al. (1971) and Riley and Goyer (1988) examined the emergence patterns of the southeastern Ips and found that the greatest number of individuals emerged in late summer and early May, respectively. There appears to be some disagreement in the literature as to whether the Þrst or second major seasonal activity peak is larger. The low numbers of beetles observed in the summer months are also consistent with earlier Þndings. The extreme summer temperatures in Louisiana, which are often in excess of 37ЊC for extended periods are suboptimal for Ips development and may help explain the low activity levels observed during this time (Wagner et al. 1987 (Wagner et al. , 1988 .
The signiÞcant overlap in Ips seasonal activity observed in this study raises questions regarding how these species are capable of sharing the same resource. Previous studies have found that the southern pine engravers successfully use the same resource by varying both their host arrival times (Š vihra et al. 1980 ) and distributions within the host (Paine et al. 1981) . These processes are mediated by pheromones . The duration between collection times in this study was too long to observe short-term differences in species arrival times, and traps provided a consistent localized pheromone source; thus, observing changes in the distribution of arriving individuals over time is not expected.
A diverse assemblage of southern pine engraverassociated Coleoptera were also collected in Ips pheromone-baited multiple funnel traps. As with any trapping study, an inherent bias in the data exists for species that are easily captured with the type of bait or trap design used. Because Ips aggregation pheromone components were used to increase the probability of capturing the three southern pine engraver species, associates that are strongly attracted to these lures are expected to represent the majority of the species collected. Alternatively, important associates that exhibit weak or no attraction to these lures will be underrepresented. Monitoring all of the major groups of wood boring insects simultaneously is a difÞcult task, and without these data determining how much of the observed associate activity is attributed to the presence of the southern pine engravers is challenging. It is a reasonable hypothesis, however (especially for predators), that when high activity levels of associates are observed concurrently with high southern pine engravers activity levels that some degree of interaction is occurring.
The major associates collected in this study can be divided into four temporal classes (winter and spring, spring, spring and summer, and spring through fall active) based on when the majority of each associateÕs activity was observed.
Winter and Spring Active Associates. The clerid T. dubius is considered one of the most important natural enemies of the southern pine beetle (Moore 1972) and is believed to regulate populations of the southern pine beetle in a delayed density-dependent manner (Turchin et al. 1999 ). The number of T. dubius captured in pheromone-baited traps has been used to predict population growth of the southern pine beetle (Billings 1988) , with generally high success (Billings and Upton 2008) . To our knowledge, no studies have been undertaken to examine the sole impact of T. dubius on the populations of the southern pine engravers. It is likely, however, that predation by T. dubius has signiÞcant impacts on populations of these species as well, particularly when southern pine beetle is at endemic population levels.
Our Þndings of a primarily unimodal emergence of T. dubius in the spring are not consistent with previous studies, which found complex emergence patterns of T. dubius (Reeve et al. 1996 , Reeve 2000 . A multiyear observational period may have been necessary to observe similar patterns to those of earlier studies. Mignot and Anderson (1969) found that cooler temperatures were necessary for T. dubius larval development and that larvae became inactive during the hot summer months (JuneÐAugust) in North Carolina. This may help explain the absence of adults of T. dubius during this period in Louisiana. The spring peak of T. dubius was coincident with the major spring peak in Ips numbers, and may have played a role in their subsequent rapid decline observed at some sites.
Spring Active Associates. The ribbed pine borer R. inquisitor exhibited a brief activity period in late March and early April. R. inquisitor has a broad Holarctic distribution that includes many areas with extreme winters (e.g., Alaska and Siberia). Gosling (1986) found that in Michigan, R. inquisitor was active in mid-June, making it one of the earliest active cerambycids in this region. The hemolymph of Siberian populations of this species have recently been found to contain some of the most active antifreeze proteins discovered in any insect, allowing it to survive tem-peratures in excess of Ϫ25ЊC (Kristiansen et al. 2011) . If U.S. populations contain these same proteins, then this unique adaptation may allow R. inquisitor to exit diapause much earlier than other wood-boring species and reduce competition for limited resources.
Histerids from the genus Platysoma were the most abundant natural enemies collected. Previous studies have found that histerids comprise Ϸ7% of total southern pine beetle and 6% of total Ips spp. predator abundance (Berisford 1980 , Kulhavy et al. 1989 ). Adults and larvae of these species primarily attack the immature stages of bark beetles and can inßict considerable mortality .
As in this study, others have found histerid emergence to be synchronized with emergence of the southern pine engravers Goyer 1988, Shepherd and Goyer 2003) . It has been hypothesized that these species are dependent on the SPBG for survival. For example, Shepherd and Goyer (2003) examined the ßight phenologies of Ips-associated histerids in Louisiana and found that while present throughout the year, the majority of individuals were collected between March and July. Results from this study are consistent with those of Shepherd and Goyer (2003) ; however, we observed far less year-round activity with nearly all activity restricted to March through July. In contrast to their study which found that P. attenuatum and P. parallelum were the least numerous species, our results show these two species to be the most abundant. This discrepancy in Þndings could simply be because of temporal and site effects or may be because of differences in lure combinations used between studies.
Spring and Summer Active Associates. Along with T. dubius, the trogossitid T. virescens is considered an important predator of the SPBG. These two species have been released in Australia to control I. grandicollis in pine plantations where it has become invasive (Lawson and Morgan 1992) . Our Þndings on the seasonal activity patterns of T. virescens are consistent with those of Mignot and Anderson (1970) , who studied the seasonality of this species in North Carolina. They hypothesized that cooler temperatures in the spring and fall are not conducive for T. virescens larval development. They also mention based on their previous study on T. dubius (Mignot and Anderson 1969) that there is a clear separation in phenologies between T. virescens and T. dubius; which also is apparent in this study and others (e.g., Riley and Goyer 1988) . This may be a mechanism to avoid interspeciÞc competition or intraguild predation between these species Anderson 1969, 1970) .
Based on results of this study, we hypothesize that T. dubius is an important early season southern pine engraver natural enemy and may contribute to observed rapid southern pine engraver population declines. Alternatively, T. virescens is likely a more important regulatory force on populations during the summer months when other predatory species are in low numbers.
The lined Buprestis, B. lineata, was the only species of Buprestidae that was collected in sufÞcient numbers to warrant analysis. Seasonal activity patterns observed in this study are consistent with those observed by other studies conducted in North Carolina (Manee 1913 , Kendall et al. 1995 .
The Carolina sawyer M. carolinensis and its presumed sister species M. titillator are dependent on weakened hosts for reproduction and are frequently found in bark beetle-infested trees (e.g., Coulson et al. 1976 Coulson et al. , 1980 Pershing and Linit 1986) , and like other Monochamus species (Allison et al. 2001 ) are attracted to bark beetle pheromones (e.g., Allison et al. 2004 Allison et al. , 2012a . Larvae of these species feed on the phloem tissue and later bore into the heartwood to pupate. There appears to be an obligate diapause for M. carolinensis, with larvae present in the fall emerging the subsequent spring (Pershing and Linit 1986) . Peak spring emergence of M. carolinensis occurred between mid-April and May then declined to low levels.
Spring Through Fall Active Associates. Colonization of SPBG-infested trees by M. titillator appears to have a signiÞcant effect on populations of the SPBG. Monochamus spp. have traditionally been considered competitors with the SPBG (e.g., Coulson et al. 1980) , and interactions between larval Monochamus and the SPBG are believed to be asymmetric, favoring the larger and more mobile Monochamus larvae. Other studies, however, suggest that Monochamus larvae may instead be facultative intraguild predators of SPBG larvae (Dodds et al. 2001 , Schoeller et al. 2012 .
In trees coinhabited by M. titillator, a marked reduction in the number of D. frontalis progeny has been observed, with mortality estimates reaching 70% in areas foraged by M. titillator larvae (Coulson et al. 1976 (Coulson et al. , 1980 . Hennier (1983) found mean percent mortalities in the areas foraged by M. titillator larvae as high as 28.8, 45.7, and 60.6% for D. frontalis, I. avulsus, and I. calligraphus, respectively. Miller (1986) also examined the effects of M. titillator foraging on SPBG brood mortality and attributed 51% of the average monthly mortality caused by insect associates of I. calligraphus to M. titillator. Activity of M. titillator peaked slightly later than M. carolinensis, and appeared to be at higher levels throughout the year. The seasonal activity patterns of M. titillator observed in this study suggests that along with T. virescens, M. titillator may be an important regulatory factor on SPBG populations during the summer and early fall.
The cerambycid A. obsoletus exhibited a similar activity pattern to that of M. titillator, but was present in lower numbers throughout the study period. Little is known about the biology and behavior of this species; however, it is attracted to bark beetle pheromones and is sometimes found in trees infested with members of the SPBG (Miller et al. 2011 , Allison et al. 2012a .
Insect Lure Preference. The primary aim of this study was not to test for preference to the lure combinations representative of the pheromones of the southern pine engravers by the various Ips associates. It was, however, worthwhile to note when clear preferences were observed. The lure combinations used in this study were modiÞed from earlier studies targeting the southern Ips species (Miller et al. 2005 , Allison et al. 2012b ) and were successful in attracting each of the target species, with relatively few individuals collected in traps baited with the other lure combination.
Of the associates collected that exhibited a signiÞ-cant lure combination preference, all except P. parallelum were collected in higher numbers using the LSD lure combination. Allison et al. (2012a) found that the tertiary blend of synthetic Ips pheromones ((S)-cis-verbenol, ipsenol, and ipsdienol [VSD]) used in their study was superior to binary and single pheromone component treatments in capturing woodborer species, and superior to single pheromone component treatments in collecting natural enemies, in both Louisiana and Georgia. Multiple chemical cues may convey a more reliable source of information to the recipient on the availability of prey or suitable host material (Miller et al. 2011) . Some evidence supporting this hypothesis is provided in this study based on the observed frequencies of I. avulsus and I. grandicollis (represented by the LSD lure combination) relative to I. calligraphus (represented by the VD lure combination), with higher combined seasonal trap catches of I. avulsus and I. grandicollis equaling 234,180 compared with 48,581 individuals of I. calligraphus. Lower numbers of I. calligraphus relative to I. avulsus and I. grandicollis have been observed in other studies as well (e.g., Miller et al. 2011 , Allison et al. 2012b . Additional trapping studies are necessary to fully test this hypothesis.
